Objectives: The urinary excretion of 8-oxo-7,8-dihydro-2'-deoxyguanosine (8-oxodG) was used as a biomarker of oxidative DNA damage. The urinary 8-oxodG levels in petrol filling station attendants (exposed) at various petrol bunks were estimated as well as in the unexposed (cashier) population. Materials and Methods: A total of 100 workers (79 petrol fillers and 21 cashiers) aged from 20 to 41 years participated in the study. An informed consent was taken from each participant. Information on personal habits and health was obtained through a questionnaire. After shifts, urine samples were collected analyzed for 8-oxodG using enzyme-linked immunosorbent assay (ELISA). Results: Fifty-three percent of workers were in the 21-30 years age group. The maximum level of 8-oxodG was observed in the age group ≥ 41 years and the minimum in the age group of 31-40 years. The maximum level of 8-oxodG was observed among those workers who had ≥ 21 years of experience. The concentrations of 8-oxodG were significantly higher in petrol fillers than those in cashiers (p < 0.05). Conclusions: Despite the conflicting results obtained in our study it was shown that 8-oxodG is related to chemical exposure. Further research is needed embracing a bigger number of participants to highlight the correlations between the exposure and the effects.
INTRODUCTION
Occupational exposure to petroleum derivatives poses genotoxic risk [1, 2] . Epidemiological studies showed a clear relationship between the increase in micronucleus frequency and exposure to benzene and benzene metabolites [3, 4] . The persons exposed to those substances include service station attendants, drivers of gasoline tank trucks, workers at bulk loading terminals, workers who clean up gasoline spills and leaks, and refinery workers. Petrol (gasoline) is a complex mixture of low molecular mass compounds, mainly paraffinic, naphtenic, olefinic and aromatic, with a carbon number typically within the range of 3-11 and a boiling point in the range of 30-260°C. Petrol station attendants are chronically exposed to petroleum derivatives primarily through inhalation of the volatile fraction of petrol during vehicle refueling [5] . In urban settings, these workers are exposed to relatively high levels of petrol vapors in their workplace and to low levels of with DNA-specific nucleosides excreted into urine [13] . ROS can induce various kinds of damage to DNA, including oxidized bases which will then be repaired and eliminated in urine. The urinary measurement was used in several studies among subjects with occupational or environmental exposure. Therefore, the measurement of urinary 8-oxodG can be used as an overall estimate of repaired oxidative DNA damage within an individual [14] . The main objective of this study was to investigate the effect of inhalation of petroleum products on the urinary levels of the oxidative injury biomarker, 8-oxodG, in petrol filling station workers. The results were corrected for confounding factors such as age and smoking habits.
MATERIALS AND METHODS
Prior to the study, permission was obtained from each petroleum product company for authorizing the outlets to participate in the study. An informed consent was taken from each participant. Ethical approval was obtained from our center's ethical committee. A total of 100 after-shift urine samples was collected for the estimation of 8-oxodG among petrol filling station attendants from different petrol stations located in Bangalore city. Before sampling, a questionnaire survey was conducted at the petrol filling stations to obtain information on the quantity of petrol sold each day. Based on this data, the volume of petrol sold per month was calculated and the maximum selling petrol filling stations were identified for inclusion in our study. Information about the characteristics of the attendants (age, length of employment, smoking habits, alcohol consumption and food habits, etc.) was collected through a questionnaire. The collected urine samples were centrifuged at 2000 rpm for 10 min and the supernatants were used for the determination of 8-oxodG. The creatinine level was estimated using a semiauto analyzer (Model RA-50) based on the Jaffe's method. Urinary 8-oxodG levels were determined using a competitive ELISA petrol vapors affecting the general population [6] . In addition, exposure to traffic-generated particles increases the burden of oxidative stress occurring due to the particulate matter (PM 2.5 ) constituents since the petrol filling stations are always located nearby busy roads [7] . Significant decreases in red blood cell (RBC) counts, hemoglobin values, packed cell volume (PCV), mean corpuscular hemoglobin concentration (MCHC) and white blood cell counts were noticed in petrol filling station attendants exposed to petroleum fumes for a number of years [8] . Previous studies on exposure to volatile organic compounds (VOCs) involving individuals whose occupations are associated with exposure to petrol vapor emissions yielded evidence that these workers were exposed to significantly higher levels of aromatic hydrocarbons. A study conducted in Thailand showed that a stronger exposure to benzene affected service station attendants than representatives of any other studied occupation [9] . Our recent study on health risk assessment of rural and urban population due to indoor/ambient air pollution of Bangalore city showed that petrol filling station attendants had detectable levels of benzene, toluene and m-xylene exposure at their workplace [10] . The development of oxidative DNA damage coupled with interference in DNA repair processes is likely to play an important role in the development of cancer [11] . Studies showed that urinary 8-oxodG is a good biomarker for risk assessment of various cancers and degenerative diseases [12] . In recent years, 8-oxodG has been widely used in many studies not only as a biomarker for the measurement of endogenous oxidative DNA damage, but also as a risk factor for many diseases including cancer. 8-oxodG is a particular type of Reactive Oxygen Species (ROS)-induced DNA base modification (i.e. C8 hydroxylation of deoxyguanosine). 8-oxodG is premutagenic because it can mispair with adenine instead of cytosine during DNA replication, and if this occurs, a G → T transversion mutation develops. The repair mechanism for DNA after 8-oxodG is incorporated into DNA involves base and nucleotide excision IJOMEH 2013;26(5) 782 were applied to identify the differences in age, experience and personal habits of the study groups.
RESULTS AND DISCUSSION
The distribution of study subjects according to age and job category in petrol filling stations is given in Table 1 . Fiftythree percent, i.e. half of the study subjects, fall in the middle age group. Most of them (79%) worked as petrol filling attendants, whereas 21% worked as cashiers. Seventy-eight percent of the subjects had the length of employment in this profession shorter than ten years. The number of non-smokers (79%) was higher than the number of smokers (21%). The levels of 8-oxodG among the study subjects according to their age groups are given in Table 2 . The maximum level immunoassay (Japan Institute for the Control of Ageing, Fukuroi, and Shizuoka, Japan) [15, 16] . 50-μl of urine samples and standards were added to precoated 8-oxodG protein conjugate microtiter plates followed by 50 μl of the primary antibody, anti-8-oxodG monoclonal antibody solution. After incubation for 1 h at 37°C, the plates were washed and the enzyme-labeled secondary antibody (100 μl) was applied for 1 h at 37°C. After washing, 100 μl of the chromatic substrate, 3,3',5,5'-tetramethylbenzidene were added to the plate and allowed to react at room temperature for 15 min. The intensity of color produced for each sample was measured at the absorbance of 490 nm. All the values of urinary 8-oxodG levels were subsequently adjusted by urinary creatinine levels.
Statistical analysis
Statistical analyses were performed using SPSS statistical software version 10. Mean, standard error, median and inter-quartile range were determined for all subjects. Due to positively skewed distribution of data, the median test was performed to compare 8-oxodG levels between the groups. Multiple regression analysis was performed after log transformation to evaluate the relationship between the 8-oxodG levels and personal habits of the study subjects. Spearman rank correlation was applied to test the relationship between the 8-oxodG levels and working hours with respect to occupation. The value p < 0.05 was considered to mark significant differences. Student't-distribution and Chi between working hours per day and the 8-oxodG levels in both groups of workers ( Figure 1 ). The data on the quantity of petroleum products sold per day was collected, which indirectly revealed the exposure.
In accordance with the data from Table 5 , higher levels of 8-oxodG were recorded among the workers who handled ≥ 4500 l of petrol per day. The levels of 8-oxodG detected among workers were proportional to the quantity of petrol sold. Since petrol filling station job assignments vary for each individual, the subjects were categorized into two groups (petrol fillers and cashiers) based on of 8-oxodG was recorded in the age group ≥ 41 years compared to other age groups. The lowest levels were reported in the age group of 31-40 years ( Table 2) . The distributions of the study subjects according to personal habits and the length of employment are given in Table 3 and Table 4 . The 8-oxodG levels recorded among the study subjects based on the years of professional experience are not significant (p > 0.05). The inhalation exposure depends upon the quantity of petroleum products the workers handle during their work. There was a significant correlation (Spearman rank correlation) observed 
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784 urinary 8-oxodG as a biomarker of oxidative DNA damage in workers exposed to fine particulates was reported by Kim et al. [18] . Since the lifestyle of a person plays a role in the excretion of 8-oxodG, the obtained data was categorized based on the various habits of the workers. In the present study, the the nature of their job. Significant variations in 8-oxodG levels were observed (p < 0.05) between the petrol fillers (1.86 μg/g creatinine) and the cashiers (0.47 μg/g creatinine) (Table 6) . A similar study conducted on other occupations showed higher 8-oxodG levels in taxi drivers than in the general population of men [17] . Another study on Abbreviations as in Table 3 . and non-smokers. Smoking has been consistently identified as a confounder for 8-oxodG, but various occupational studies did not reveal higher levels of 8-oxodG [24] in smokers as indicated by the present study. A study by Besarati Nia et al. [25] reported that the level of 8-oxodG was consistently increased among smokers. Heavy exposure to air pollution in occupational settings in terms of diesel exhaust, polycyclic aromatic hydrocarbons and benzene was associated with increased 8-oxodG excretion, whereas non-occupational exposure to am bient air pollution was not significantly lower in smokers as compared with non-smokers [26, 23] .
smokers (1.30 μg/g creatinine) and non-smokers (1.24 μg/g creatinine) did not show any variations in their 8-oxodG levels (Table 6 ). However, it was reported that the smoking habit and other personnel characteristics increased the excretion of 8-oxodG in urine [19, 20] . Various studies on exposure to a variety of carcinogens, including PAHs and asbestos, and their relationship with the smoking status and elimination of urinary 8-oxodG did not show any correlation [14, 21, 22] . Whereas a study by Nilsson et al. [23] failed to show the effect of smoking on the urinary excretion of 8-oxodG, studies by Kim et al. [18] reported a significant difference in the 8-oxodG concentration between smokers Abbreviations as in Table 3 .
786 large numbers of samples are needed to ascertain a better conclusion based on the personnel characteristics. To investigate the effect of possible personal habits of study subjects on the urinary 8-oxodG levels, multiple regression analysis was performed (Table 8 ). It was observed that in the workers involved in petrol filling working hours of exposure had influence on the excretion levels of 8-oxodG (p < 0.05). However, the personal habits of the study subjects did not influence the levels of 8-oxodG. Although the levels were not significantly different, a marginal variation was observed in all categories.
In the recent years, many youngsters have taken up a habit of chewing smokeless tobacco in our country for unknown reasons. Hence, we also looked into the effect of chewing this smokeless tobacco among the examined workers. As a result, elevated levels of 8-oxodG in chewers were noted (7.24 μg/g creatinine) compared to non-chewers (1.27 μg/g creatinine) (Table 6 ). However, the difference was not statistically significant. The present study did not find any influence on the levels of 8-oxodG exerted by lifestyle habits (Table 7) . Although the 8-oxodG levels differed between the categories, the differences were not significant. Nevertheless, Nilsson et al. [23] reported that dietary factors can probably also influence the excretion of 8-oxodG. Kasai et al. [27] indicated that low meat intake (less often than once/week) induces an increase of 8-oxodG. The attributing factor of low consumption of meat may be associated with the serious modulation of other dietary factors, which might induce oxidative stress. Another possibility was that meat components may be required to scavenge oxygen radicals or to repair DNA damage efficiently. Kasai et al. [27] also studied the effects of exercise, working conditions, meat intake, body mass index, smoking habit and other lifestyle factors on 8-oxodG excretion. Our present study did not confirm the statistical significance reported by various other researchers, but a detailed study is required focusing on lifestyle habits and their influence on the 8-oxodG excretion among exposed workers.
CONCLUSION
Petrol evaporates more readily in hot than cold countries. In India, unlike in the western countries, employing attendants operating petrol pumps is more popular than selfservice. These workers are prone to develop occupational diseases since they do not wear personal protective masks 
